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(54) PLASfWA DISPLAY AND METHOD OF MANUFACTURING THE SAME 

(57) With barrier ribs having a specified form, the 
strength and the adhesiveness to the substrate board 
are improved, and a high- resolution plasma display with 
suppressed meandering, falling and peeling of the bar- 
rier rib and wire breakage is provided. In addition, coat- 
ing uniformity of the phosphor is improved, a high- 
resolution plasma display with low luminance in-egular- 
ity is provided. Furthermore, a high-luminance high res- 
olution plasma display with excellent luminance 
characteristic is provided. 
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Description 

Technical Field 

5 The present invention relates to a plasma display and a production process thereof. This plasma display can be 
used for a large-sized television set and computer monitor. 

Background Art 

TO Since ptasnna display panels (PDPs) allow high speed display and make H easy to make large^ized display com- 
pared to liquid crystal panels, they are used in such areas as OA apparatuses and public relations display units. Fur- 
thermore, they are highly expected to be applicable in the area of high grade television sets. 

With such expansion of application, color PDPs with many fine display cells attract attention. In a PDR plasma ds- 
charge is caused between anodes and cathodes facing each other in discharge spaces formed between a front glass 

IS substrate and a rear glass substrate, and the ultraviolet ray generated by a gas contained in the discharge spaces is 
applied to the phosphors provided in the discharge spaces, for displaying. A simple structural view showing an AC type 
POP is shown in Fig. 1 . In this case, to keep the spread of discharge in certain regions for displaying in specified cells 
and to secure uniform discharge spaces, barrier rit>s (also called barriers or ribs) are formed. In the case of AC type 
PDP. the barrier ribs are formed in stripes. 

20 The barrier ribs are about 30 to 80 pm wide arxJ 1 00 to 200 ^m high. Usually the ban'ier ribs are formed by printing 
a paste containing a glass powder onto the front glass substrate or rear glass substrate in stripes by screen printing, 
drying, repeating the printing and drying 10 to 20 times to achieve a predetermined height, and firing. IHowever, screen 
printing presents a problem in that especially when the panel size is larger, it is difficult to align the discharge electrodes 
preformed on the front transparent flat ptate. with the printing positions of the glass paste, not allowing a high position 

25 accuracy to be achieved. In addition, since the glass paste is overlapped 10 to 20 times for printing, the barrier ribs 
become wavy artd disordered at the t>ottoms artd cannot be accurate enough in height, so that the display quality, work- 
ing efficiency and yield are delivered. Especially in the case of banier ribs with a width of 50 ^m or less formed at a pitch 
of 1 00 ^m or less, the paste is likely to bleed at the bottoms due to thixotropy, and it is difficult to form sharp barrier ribs 
free from residue. 

30 Since PDPs larger in area artd higher in resolution are being adopted, it becomes technically more and more diffi- 
cult to produce highly accurate barrier ribs with a high aspect ratio by screen printing, and screen printing becomes less 
advantageous in view of cost. 

As methods to solve these problems. US Patent Nos. 4885963 and 5209688 and Japanese Patent Latd-Open 
(Kokai) Nos. 5-342992 and 6-295676 propose methods for forming barrier ribs by photolithography using a photosen- 

35 sitive paste. However, these methods present problems, for exarrple. in that dense barrier ribs cannot be obtained after 
firing because the glass content of the photosensitive paste is small, and in that the photosensitive paste is low in sen- 
sitivity and resolution. For these reasons, it was necessary to repeat the photosensitive paste coating, exposure and 
developmerrt. for obtaining barrier ribs with a high aspect ratio. However, the repetition of coating, exposure and devel- 
opment causes the problem of positioning and restricts the cost reduction. 

40 Japanese Patent Laid-Open (Kokai) No. 8-5081 1 proposes a method of forming barrier ribs by one single exposure 
time using a photosensitive glass paste. However, this method presents problems, for example, in that when a pattern 
with thin barrier ribs is formed, the pattern meanders, falls or peels after exposure and development and that when the 
pattern is fired to form barrier ribs, the barrier ribs are broken or peeled. Furthermore, depending on the sectional form 
of the barrier ribs, disadvantageous!/ the phosphors cannot be uniformly applied. 

45 

Disclosure of the Invention 

An object of the present invention is to provide a high-resolution plasma display with barrier ribs with less meander- 
ing, falling, peeling and breaking by improving the strength of the barrier ribs and their adhesion to the substrate. 

50 Another object of the present invention is to provide a high-resolution plasma display good in uniformity of phosphor 
coating and less in luminance in-egularity. A still further object of the present invention is to provide a highly luminous 
and high-resolution plasma display excellent in light emission characteristics. The plasma display in the present inven- 
tion refers to a display in which the discharging in the discharge spaces formed by barrier ribs causes displaying, and 
can be used as any of various displays such as plasma address liquid crystal display, in addition to the at>ove mentioned 

55 AC type PDR 

The objects of the present invention can be achieved by a plasma display, with barrier ribs formed on a substrate, 
characterized by satisfying the following formulae: 
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U/LJi = 0.65 to 1 

Lh/Lh = 1 to2 

5 where Lt is the width at the top of each barrier rib: Lh is the width at the center in height; Lb Is the width at the bottom; 
and the case of Lt = Lh - Lb ts excluded. 

The objects of the present invention can also be achieved by a plasma display, with barrier ribs formed on a sub> 
strata, characterized by satisfying the following formulae: 

10 L90/Lha0.65to 1 

LlO/Lha 1 to 2 

where L90 is the width at 90% in height of each barrier rib; Lh is the width at the center in height; L10 ts the width at 
15 10% in height; and a case of L90 » Lh a L10 is excluded. 

Brief Description of the Drawings 

Fig. 1 is a sinplified structural view showing a plasma display. Figs. 2 to 4 and 6 to 8 are sinplified sectional views 
20 showing the forms of the barrier fibs of the present inventiori. Fig. 5 is s schematic drawng showing the form of banier 
ribs from above. 

Best Mode for Carrying Out the Invention 

25 In the plasma display of the present invention, since the bamer ribs are tapered on the lateral sides, they are high 
In strength and can be prevented from falling. 

The banrier ribs for the plasma display of the present inversion satisfy the following formulae: 

LtOii = 0.65 to 1 

30 

LbAii = 1 to2 

where Lb is the width at the bottom, Lh is the width at the center in height, and Lt is the width at the top. An exanple of 
this version of the present invention is shown in Rg. 2. 

In the drawing. Lb is the width at the bottom of each barrier rib, Lh is the width at the center in height of the barrier 
rib (the width at a height of 50 from the bottom when the height of the barrier rib is 100), and Lt is the width at the top 
of the barrier rib. 

If Lt/Lh is larger than 1 , the barrier ribs have a narrow part at the center in height, and since the ratio of the dis- 
charge spaces to the pitch of the bamer ribs, i.e., the open width rate becomes small, thus lowering the luminance. Fur- 
thermore, when the phosphor layer is formed, irregularity in coating, i.e.. irregularity in thickness and unevenness occur. 
If the ratio is less than 0.65. the top of each barrier rib becomes too thin and loses the strength to withstand the atmos- 
pheric pressure acting when the panel is formed, being likely to be crushed. 

If Lb/Lh is less than 1 . then undesirably, the strength is so low as to cause the banier ribs to fall or mearxler. If the 
ratio is larger than 2. the discharge spaces are decreased to lower the luminance. 

It is more preferable in view of securing the open width ratio that Lt/Lh is 0.8 to 1 and that Lb/Lh is 1 to 1 .5. 
However, the case of Lt = Lh = Lb is not preferable since the barrier ribs are low in strength and likely to fall. 
As the form of each barrier rib. a trapezoidal or rectangular form free from a narrow part at the Ixrttom of the ban-ier 
rib is preferable in view of strength. 

When it is difficult to define the wktth at the top of a barrier rib or the width at the bottom because the top is rourid 
or the bottom is gradually expanded, the width at 90% in height (L90) is measured instead of the width at the top or the 
width at 10% in height (L10) is measured instead of the width at the bottom. The barrier ribs for the plasma display of 
the present invention in this case satisfy the following formulae: 

L90/Lh o 0.65 to 1 

55 

L10/Lh« 1 to 2 

An example of this version of the present invention is shown in Fig. 3. 
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In the drawing. L90 is the width of the barrier rib at a height of 90 from the bottom when the height of the barrier rib 
is 100, and L10 Is the width at a height of 10 from the bottom. 

The case of L90 = Hh = LID is not preferable for the same reason as that for a case of Lt = Lh = Lb . 

In the present invention, especially when hlgh-resolut'on barrier ribs with a width of 50 urn or less farmed at a pitch 
5 of 230 \im or less are formed in a large panel of 32 inches or nrtore, the barrier ribs with the above form can be prevented 
from meandering, deflecting and breaking after firing. 

If the barrier rib pattern before firing is formed as above, especially the contact areas with the substrate glass and 
the dielectric layer become large, thus improving the form integrity and stability. As a result, the peeling arxJ breaking 
after firing can be prevented. 

TO The method for nneasuring the width of a barrier rib is not especially limited, but it is preferable to measure using 
an optical miaoscope, scanning electron microscope or laser microscope. 

For example when a scanning electron microscope (e.g., Hitachi S*2400) is used, the following method is prefera- 
ble. Barrier ribs are cut to obtain an accurate cross section as shown in Rg. 2, and processed to a size to allow obser- 
vation. In this case, if the section is oblique, accurate measurement cannot be effected. Hence the section should be at 

15 right angles to the direction of the stripes. The magnification for measurement should be selected to retain about 2 to 5 
barrier ribs in the field of view. For example, if the pitch is 150 jinfj, a magnification of 200 to 300 times is used. Then, a 
standard sample with a size equivalent to the barrier rib width is used to calibrate the scale, and a photo is taken, to 
calculate the barrier rib width from the scale. 

For non-destructive measurement, a laser locus displacement gauge (e.g., LT-8010 produced by K.K. Key Ence) 

20 can also be used. In this case, it is also preferable to calibrate using a standard sample before measurement For accu- 
rate measurement, it is preferable to confirm that the measuring face of the laser is at right angles to the direction of the 
stripes. 

The inclining face is not limited to a flat face, but can have a curvature. Especially if the portion from an intermediate 
point in height of the barrier rib to the bottom is curved as shown in Fig. 4, the discharge spaces can be larger even if 
S5 Lb/Lh is large as Is preferred, and the luminance is not lowered. As the form of the curvature, it is especially preferable, 
in view of the higher effect, that the radius of curvature R in the curved portion of the barrier rib and the width at the 
center in height Lh satisfy the following relation: 

Lh/a 

30 

Furthermore, in the present Invention, it is preferable that the relation between the width (L) and deflection (Ld) of 
the barrier rib is in the following range. 

Ld/L= 1 to 1.5 

35 

A more preferable range is Ld/L s 1 to 1.2. 

Ld/L = 1 corresponds to an ideal form free from deflection of the bamer rib. 

If Ld/L is larger than 1 .5. the phosphor coating becomes in-egular in thickness, and erroneous coating is likely to 
occur, thus undesirably lowering the yield. Furthermore, since the pitch of barrier ribs becomes irregular, remarkable 
40 luminance in'egularity occurs. 

The above range shows the deflection of the barrier ribs after firing. Since firing decreases the deflection by about 
20%, it is preferable that the deflection of the barrier rib pattern before firing is in a range of Ld/L = 1 to 1 .7. 

The width of the barrier rib in this case can be any of the width at the top. the width at the center in height and the 
width at the bottom in the cross section of the barrier rib, but for easy measurement, it is preferable to measure the width 
45 at the top of the barrier rib as shown in Fig. 2. When it is difficult to define the width at the top because the top of the 
barrier rib is round, it is preferable to use the width L90 at 90% in height as described before. 

The method for measuring the deflection is not limited either, but it is preferatsle to measure the deflection under 
the same conditions as in measuring the width. Hence, it is preferable to measure the deflection of the width at the top. 
As a specific measuring method, as shown in Fig. 5, the zigzag wkjth of the barler rib is measured. 
50 It is preferable that the extent over which the deflection is measured Is a length of at least 1 0 times or more of the 
barrier rib pitch along each barrier rib. and the largest deflection in this region is defined as the deflection. 

It is preferable. In view of the high open width ratio and high luminance, that the width of the bamer ribs in the 
present invention is 1 5 to 50 jim, H the width is larger than 50 ^im, the open width ratio is so small that a suffiderrt lumi- 
nance cannot be obtained, and if smaller than 15 ^m, the strength is insufficient and, undesirably, the bamer ribs may 
55 be destroyed at the time of sealing. 

It is preferable that the pitch of the barrier ribs is 100 to 250 jim. A more preferable range is 100 to 160 ^m. If the 
pitch is in this range, a high-resolution plasnna display can be obtained. 

It is preferable in view of discharge stability and luminance that the height of the bamer ribs is 60 to 1 70 \im, A more 
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preferable range is 100 to 170 tun. If the height is not in this range, erroneous discharge occurs and, undesirably, the 
luminance becomes low. 

If the pitch of the barrier ribs of the present invention is P, the width Is L and the height is H. then the following rela* 
tions are more preferable since the panel is excellent in luminance and discharge life. 

5 

• lfP = 100to140Mm. then 

L = 1 5 to 40 Hm and H = 1 GO to 140 ^im 

10 • If P = 140 to 160 pm, then 

L » 20 to 50 ^m and H s 120 to 170 ^m 

If the width is smaller than the above lower limit, peeling and falling at the time of pattern formation and breaking 
15 and peeling after firing are liable to occur. H larger than the above upper limit the open width ratio becomes so small as 
to lower undesirably the luminance. 

If the height is smaller than the above lower limit, the discharge spaces become nan-ow, the plasma area becomes 
closer to the phosphor layer, and because the phosphor layer is sputtered, it is undesirable having regard to Hs lifa If 
larger than the above upper limit, the ultraviolet ray generated by discharge is absorbed before it reaches the phosphor 
20 iayer, so as to lower undesiratjiy the luminancs. 

It is preferable that the porosity of the barrier ribs in the present invention is 10% or less for prevention of failing of 
the barrier ribs and the excellent adhesion to the sutistrate. More preferat)le is 3% or less. TTie porosity (P) is defined 
as follows: 

25 P = (dth - dex)/dth x 1 00 

where dth is the true specific gravity of the barrier rib material and dex is the measured density of the barrier ribs. 

It is preferable to calculate the true specific gravity of the ban'ier rib material using the following so-called 
Archimedes method. The barrier rib material is ground by a mortar to such an extent that it cannot be felt by finger tip, 
30 i.e. , 325-mesh or smaller size, and the true specific gravity is measured as stated in JfS R 2205. 

The measured density is measured according to the Archimedes method as described above, except that a bamer 
rib portion is taken by cutting without deforming it, and is not ground. 

If the porosity is larger than 10%, the adhesive strength decreases, and the strength also decreases. Furthermore, 
the gas and water discharged from the pores at the time of discharge are adsorbed, thus towering the light emission 
35 characteristics such as luminance. Considering the light emission characteristics such as the discharge life and lumi- 
nance stability of the panel, more preferable is 1% or less. 

The method for forming the barrier ribs of the present invention is not especially limited, but it is preferable to use 
a photosensitive paste because the method has only a few steps and allows a fine pattern to be formed, ff sand blasting 
is used, since the barrier rib pattern is formed by sand blast grinding, control is difficult, and the bottoms may be 
40 expanded excessively due to insufficient grinding and the tops n^ybecome too thin due to excessive grinding. If screen 
printing is used, since printing is repeated by 10 to 20 times, the bottoms of the barrier ribs may be crushed and the 
tjottoms of the barrier ribs may droop, as shown in Fig. 8. 

In the photosensitive paste method, a photosensitive paste consisting of an inorganic component mainly composed 
of a glass powder and a photosensitive organic conrponent is printed in the pattern of a photo mask by exposure, devel- 
45 oped to form a ban'ier rib pattern, and fired, to obtain the Ijarrier ribs. 

In the case of barrier ribs used for a plasma display or plasma address liquid crystal display, since the pattern is 
formed on a glass substrate low in glass transition point and softening point, it is preferable to use a glass material with 
a glass transition point of 430 to 500'*C and a softening point of 470 to 580** C as the material of the barrier ribs. If the 
glass transition point is higher than SOO'^C or if the softening point is Ngher than 580**C. firing at high temperature is 
50 required, and the substrate is strained at the time of firing. In the case of a material with a glass transition point of lower 
than 430*C or a softening point of lower than 470'*C, a dense barrier rib layer cannot be obtained, and peeling, breaking 
and meandering of the barrier ribs are caused. 

It is preferable to measure the glass transition point and softening point as described below. Using differential ther- 
mal analysis (DTA), about 100 mg of a glass sample is heated in air at 20-C/min. and the temperature is chosen as the 
55 abscissa while the number of calories is chosen as the ordinate, to draw a DTA curve. From the DTA curve, the glass 
transition point and the softening point are read. 

Since the coefficient of thermal expansion of a general high strain glass used as the substrate glass is 80 to 90 x 
10'^, it is preferable to use a glass material with a coefficient of thermal expansion at 50 to 400*0 (a^**^*^ of 50 to 90 
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X 1 0'^, especially 60 to 90 x 10'^ to prevent the warping of the substrate and the cracking at the time of panel sealing. 
If a glass material with this property is used, the peeling and breaking of the barrier ribs can be prevented. 

It is preferable that the amount of the glass powder used for the photosensitive paste method is 65 to 85 wt% based 
on the sum of the glass powder and the organic component. 

5 If the anxtunt is smaller than 65 wt%. the shrintQge at the time of firing becomes targe, so as undesirably to cause 

the breaking and peeling of the ban-ier ribs. Furthermore, the paste is hard to dry and sticky and declines in printability. 
Moreover, the pattern is likely to be thicker and at the time of development, the film is likely to remain. For this reason. 
LbA-h is likety to be larger than 2. tf the amount is larger than 85 wt%. the photosensitive conrponent decreases, not 
allowing the barrier rib pattern to be photo-polymerized at the bottoms. Hence, Lb/Lh is likely to be smaller than 1 . 

10 As for the composition of the barrier rib material, it is preferable that silicon oxide is present in an amount of 3 to 60 
wt% in the glass. If the amount is snmller than 3 wt%, the denseness, strength and stability of the glass layer decrease, 
and the coefficient of thermal expansion deviates from the desired value, causing mismatching with the glass substrate. 
If the amount is larger than 60 wt%. the softening point decreases, and advantageously, the firing onto the glass sub- 
strate becomes possible. 

IS If boron oxide is present in the glass in an amount of 5 to 50 wt%, the electric mechanical and thermal properties 

such as electric insulation, strength, coefficient of thermal «)qpansion and denseness of insulation layer can be 

improved. If more than 50 wt%, the stability of the glass decreases. 

If a glass powder containing 5 to 50 wt% of at least one of bismuth oxide, lead oxide and zinc oxide is used, a pho- 

tosertsitive paste with a temperature characteristic such as to cdlow pattern forming on the glass substrate can be 
20 obtained, tf the amount exceeds 50 wt%, the heat resistant temperature of glass is so low as to make it difficult to fire 

on the glass substrate. Especially using a glass containing 5 to 50 wt% of bismuth oxide has an advantage that the pot 

life of the paste is long. 

It is preferable that the glass containing bismuth oxide contains 50 wt% or more of the following composition, if 
expressed as oxtdes, 

25 

1 0 to 4-0 parts by weight of bismuth oxide 
3 to 50 parts by weight of silicon oxide 
1 0 to 40 parts by weight of boron oxide 
8 to 20 parts by weight of barium oxide 
30 1 0 to 30 parts by weight of aluminum oxide. 

Even if a glass powder containing 2 to 20 wt% of at least one of lithium oxide, sodium oxide and potassium oxide 
is used; a photosensitive paste with a temperature characteristic such as to allow pattern forming on the glass substrate 
can be obtained. If the amount of the oxide of an alkali metal such as lithium, sodium or potassium is 20 wt% or less, 
35 especially 1 5 wt% or less, the stability of the paste can be improved. 

It is preferat>le that the glass containing lithium oxide contains 70 wt% or more of the following composition, if 
expressed as oxides, 

2 to 1 5 parts by weight of lithium oxide 
40 1 5 to 50 parts by weight of silicon oxide 
15 to 40 parts by weight of twron oxide 
2 to 1 5 parts by weight of barium oxide 
6 to 25 parts by weight of aluminum oxide 

45 Furthermore, in the above composition, sodium oxide or potassium oxide can also be used instead of lithium oxide, 
but having regard to the stability of the paste, lithium oxide is preferable. 

If the glass contains both a metal oxide such as lead oxide, bismuth oxide or zinc oxide and an alkali metal oxide 
such as lithium oxide, sodium oxide or potassium oxide, the softening point and the coefficient of thermal expansion can 
be easily controlled at a lower alkali content. 

50 If the glass powder contains aluminum oxide, barium oxide, calcium oxide, magnesium oxide, zinc oxide, zirconium 
oxide, etc.. especially aluminum oxide, barium oxide and zinc oxide, the hardness and processabilrty can be improved, 
but for control of softening point, coefficient of thermal expansion and refractive index, it is preferable that their content 
is 40 w1% or less. More preferable is 25 wt% or less. 

The glass generally used as an insulator has a refractive index of about 1.5 to 1.9. When the photosensitive paste 

55 method is used, if the average refractive index of the organic component is greatly different from that of the glass pow- 
der, the reflection and scattering at the interfaces between the glass powder and the organic component become large, 
and an accurate pattern cannot be obtained. Since the refractive index of a general organic component is 1 .45 to 1.7, 
it is preferable that the average refractive index of the glass powder is 1.5 to 1.7, to match the glass powder with the 
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organic component in refractive index. A more preferable range is 1.5 to 1.65. 

When a glass containing 2 to 20 wt% in total of oxides of alkali metals such as sodium oxide, lithium oxide and 
potassium oxide, it is easy to control the softening point and the coefficient of thermal expansion, and in addrtion, since 
the average refractive index of the gtass can be towered, the difference from the refractive index of the organic sub- 
5 stance can be easily kept small. W the amount is smaller than 2%. the control of softening point becomes difficult. If 
larger than 20%. the alkali metaJ axides are evaporated at the time of discharge, thus lowering the luminance. To 
improve the stability of the paste, rt is preferable that the amount of alkali metal oxides is smaller than 10 wt%, and more 
preferable is 8 wt% or less. 

Among the alkali metal oxides, the use of lithium oxide is especially preferable, because the stability of the paste 
TO can be relatively enhanced. The use of potassium oxide has an advantage that the refractive index can be controlled 
even by a relatively small amourrt. 

As a result, the paste has a softening point such as to allow firing onto the glass substrate and can have an average 
refractive index of 1.5 to 1.7, so as easily to lessen the differerrce from the organic component in refractive index. 
A gtass containing bismuth oxide is preferable having regard to the softening point and water resistance improve- 
rs ment, and a glass containing 10 wt% or more of bismuth oxide mostiy has a refractive index of 1 .6 or nrxire. Hence, if 
an allQli metal oxide such as sodium oxide, lithium oxide or potassium oxide and bismuth oxide are used together, the 
softening point, coefficient of expansion, water resistance and refractive index can be easily controlled. 

If the refractive index of tiie glass material in the present invention is measured at tiie same wavelength as that of 
the light used for exposure in the photosensitive glass paste metiiod, tiie effect can be accurately confirmed. It is espe- 
20 daily preferabie to measure using light with a wavelength range of 350 fo 650 n.^:. Furthernrore, r! is preferable to meas- 
ure the refractive index at the i-line (365 nm) or g-line (436 nm). 

The barrier ribs of the present invention can be colored black for better corrtrast. tf the photosensitive paste corrtains 
any of various metal oxides, the barrier ribs can be colored after firing. For example, if the photosensitive paste contains 
1 to 1 0 wt% of a black colored metal oxide, a black pattern can be formed. 
25 If the black colored metal oxide used in this case is at lease one, preferably three or more of the oxides of Cr. Fe. 
Co, Mn and Cu. the barrier ribs can be blackened. Especially when the paste contains 0.5 wt% or more of each of 
oxides of Fe and Mn, black ban-ier ribs can be formed. 

If pastes respectively containing any of the inorganic pigments coloring in red, blue or green, etc. other than black, 
a pattern of the color concerned can be formed. The colored pattern can be suitably used for a color filter of a plasma 
30 display, etc. 

It is preferable that ttie dielectric constant of tiie glass material of the barrier ribs is 4 to 1 0 at a frequency of 1 MHz 
and at 20*C because then the panel is excellent in power consumption and discharge life. To maintain the dielectric con- 
stant at less than 4, the glass material must contain much silicon oxide with a dielectric constant of about 3.8, so as to 
be high in glass transition point, requiring a high firing temperature. Hence, the substi'ate may be undesirably strained. 

35 If the dielecti^ic constant is more than 10. the electi-ified quantity increases so tiiat the power is host, increasing unde- 
sirably the power consumption. 

It is preferable tiiat the specific gravity of tiie barrier ribs of the present invention is 2 to 3.3. To maintain the specific 
gravity at less than 2, the glass material must contain large amounts of alkali metal oxides such as sodium oxide and 
potassium oxide, and during discharge, they are e^/aporated, thus lowering undesirat^y the light emission characteris- 

40 tics. If the specific gravity is more than 3.3, the display with a larger screen becomes heavy, and its weight undesirably 
sti-ains tiie substrate. 

The grain size of the glass powder used is selected, in dependence upon the width and height of the barrier ribs to 
be formed, but it is preferable that 50 vol% of the glass powder has a grain size of 1 to 6 \xm (average grain size D50), 
a largest grain size of 30 jim or less and a specific surface area of 1.5 to 4 m^/g. tt is more preferable that 10 vol% of 
45 the glass powder has a grain size of 0.4 to 2 jim (DlO). SO vol% has a grain size of 1.5 to 6 jim in the (D50), 90 vol% 
has a grain size of 4 to 15 ^m (D90), a largest grain size of 25 ^m or less and a specific surface area of 1 .5 to 3.5 m^/g. 
It is further more preferable that the glass powder has a D5 of 2 to 3.5 ^im and a specific surface area of 1.5 to 3 m^/g. 

In the above, DlO, D50 and D90 respectively express the grain sizes of 10 vot%, 50 vol% and 90 vol% of smaller 
grains in the glass powder. 

50 If a glass powder with a grain size distribution as described above is used, the packing der^ity of the powder can 
be improved, and even if tiie powder ratio in the photosensitive paste is increased, voids are trapped less, thus keeping 
the extra light scattering small, allowing a preferable barrier rib pattern to be formed. If tiie grain size of the glass powder 
is smaller tiian the above ranges, tiie specific surface area increases, making the powder more cohesive, tiius lowering 
the dispersibility into the organic component. Hence, voids are likely to be tapped, thus increasing the light scattering. 

55 and tiie barrier ribs become thicker at the centers and insufficientiy cured at tiie bottoms. As a result, Lb/Ui is likely to 
be smaller than 1 . Furthermae, even if the grain size of the glass powder is larger tfian tiie above ranges, the bulk den- 
sity of the powder deaeases. tiius lowering the packing density, and since the amount of the photosensitive organic 
component is insufficient, voids are likely to be trapped, thus causing ligtit scattering. If ttie grain size disti-ibution of the 
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glass povwder is in said ranges, the powder packing ratio is so high as to keep the shrinkage at filing low. and the pattern 
is not deformed at the time of firing, allowing the barrier rib form of the present invention to be secured stably. 

The method for measuring the grain size is not especially limited, but it is preferable to use the laser diffraction scat- 
tering method for simple measuremerrt. For example, a grain size distribution tester HRA9320-X100 produced by Micro- 
s trac can be used uf\der the following measuring conditions. 

Amount of sample: 1 g 

Dispersion conditions: Ultrasonic dispersion in purified water for 1 to 1 .5 minutes. If dispersion is difficult it is 
effected in 0.2% aqueous solution of sodium hexametaphosphate. 
10 Refractive index of grains: To be changed depending on the glass used (1 .6 in the case of lithium based glass and 
1 .88 in the case of bismuth based glass) 
Refractive index of solvent: 1 .33 
Nunnber of measurir\g times: 2 

T5 The barrier ribs of the present invention can contain 3 to 60 wt% of a filler with a softening point of 550 to 1200*'C. 
especially 650 to 800''C. In the photosensitive paste method, this keeps the shrinkage at the time of firing after pattern 
formation small, thus allowing easier pattern formation and to improve the form integrity after firing. 

A preferable filler is a high melting point glass powder containing 15 wt% or more of a ceramic compound such as 
titanta, alumina, barium titanate or zirconia, or silicon oxide or aluminum oxide. For example, it is preferEible to use a 

20 glass powder composed as follows: 

Silicon oxide : 25 to 50 wt% 

Boron oxide : 5 to 20 wt% 

Aluminum oxide : 25 to 50 wt% 

25 Barium oxide : 2 to 10 wt% 

If a high melting point powder greatly different from the parent glass material (low melting point glass) in refractive 
index is used as a filler, it is difficult to match it with the organic component, and the pattern formability is lowered. 

Hence, if the average refractive index N1 of the low melting point glass powder and the average refractive index N2 
30 of the high melting point glass powder satisfy the following relation, matching witii the organic component In refractive 
index becomes easy. 

-0.05 S N1 - N2 S 0.05 

35 It is also important for decreasing the light scattering, that the inorganic powder is less dispersed in refractive irtdex. 
It is preferable, for decreasing the light scattering, that tfie dispersion of refractive index Is ±0.05 (that 95 vot% or nxire 
of the inorganic powder satisfies a range of average refractive N1 ± 0.05). 

It is preferable that the average grain size of the filler used is 1 to 6 ^m. It is preferable for pattern formation, to use 
a filler with a grain size distritxition of 0.4 to 2 |im in D1 0 (grain size of 10 vol%), 1 to 3 pm in D50 (grain size of 50 vol%). 

40 3 to 8 ^m in D90 (grain size of 90 vol%) and 10 ^m or less in the largest grain size. 

It is more preferable VnaX D90 is 3 to 5 ^m and that the largest grain size is 5 ^m or less. It is preferable that tine filter 
is a fine powder of 3 to 5 ^m in D90 because the firing shrinkage can be kept low and because the filler is excellent in 
producing barrier ribs with a low pxjrosity. Furthermore, the roughness in the longitudinal direction at the tops of the fc>ar- 
rier ribs can be kept at ±2 ^m or less. If a powder with a large grain size is used as the filler, the porosity rises, and the 

45 roughness at the tops of the barrier rit^ becomes large, so as undesirably to induce erroneous discharges. 

The organic component contains at least one photosensitive component selected from photosensitive monomers, 
photosensitive oligomers and photosensitive polymers, artd as required, furtiier contains such additives as a binder, 
photo polymerization initiator, ultraviolet ray absorber, sensitizer, sensitizing auxiliary, polymerization inhibitor, plasti- 
cizer. thickener, organic solvent, antioxidant, dispersing agent, organic or inorganic precipitation preventive arxl leveling 

50 agent. 

Vne photosensitive component can be either of the photo desolubilizing type and photo sotubilizing type. Photo 
desolubilizing ingredients include: 

(A) Functional monomers, oligomers and polymers with one or more unsaturated groups, etc. in the molecule 
55 (B) Those containing a photosensitive compound such as an aromatic diazo compound, aromatic azide compound 
or organic halogen compourd, etc. 

(C) So-called diazo resins such as condensation products of a diazo based amine and formaldehyde. 



8 



EP 0 855 731 A1 



The photo soiubilizing ingredients include: 

(D) Those containing an inorganic salt of a diazo compound, a complex with an organic ackJ or a quinonediazo 

(E) Those with a quinonediazo combined with a suitable polymer binder, such as naphthoquinone- 1.2-diazibo-5- 
sulfonic acid ester ot phenol or novolak resin. 

As the photosensitive conponent used in the present invention, any of the above can be used. However, a prefer- 
able photosensitive component which can be simply used as a mbcture wrth an inorganic powder for the photosensitive 
paste is of any one of (A). 

The photosensitive monomers are compounds with a cartx)n-carbon unsaturated bond, for example, methyl acr- 
yiate, ethyl acrylate. n-propyl acrylate, isopropyl acrylate. n-butyl acrylate, sec-butyl aaytate, iso-butyt acrylate. tert- 
butyl acrylate. n-pentyl acrylate. ally! acrylate. benzyl acrylate, butoxyethyl aaylate. butoxytriethylene glycol acrylate, 
cyclohexyl acrylate, dicyclopentanyl acrylate. dicyclopentenyl acrylate, 2-ethyihexyl acrylate. glycerol acrylate. glycidyl 
acrylate, heptadecafluorodecyl acrylate, 2-hydroxyethy1 acrylate. isobornyl acrylate. 2-hydroxypropyl acrylate. isodecyl 
acrylate. Isooctyl acrylate. lauryi acrylate. 2-methoxyethyl acrylate, methoxyethylene glycol acrylate, methoxydiethylene 
glycol acrylate. octafluoropentyl acrylate, phenoxyethyl acrylate. stearyl acrylate. trifluoroethyl acrylate. allytated 
cyclohexyl diacrytate. 1 .4-butanediol diacrylate, 1,3-butylene glycol diacrylate. ethylene glycol diacrytate, diethylene 
glycol diacrylate. tri ethylene glycol diacrylate. polyethylene glycol diacrylate. dipentaerythritol hexaacrylate, dipentaer- 
ythritol monohydroxypentaacryiate, ditrimethylolpropane tetraacrylate. glycerol diacrylate. methoxylated cyclohexyl dia- 
cryiate. neopentyigiyco! diacrylate. propylene glycc! diacrylate. pclyprcpylens glycol diacrylate. triglycerQ! diacrylate. 
trimethylolpropane triacrylate. acrylamide. aminoethyl acrylate, phenyl acrylate. phenoxyethyl acrylate. benzyl acrylate. 
1-naphthyl acrylate, 2-naphthyl acrylate, bisphend A diacrylate. diacrylate of bisphenol A - ethylene oxide addition 
product, diacryJate of bisphenol A • propylene oxide addition product, thiophenol acrylate. benzylmercaptan acrylate. 
monomers in which one to five hydrocarbon atoms of the aromatic ring of any of these compounds are substituted by 
chlorine or bromine atoms, styrene. p-methylstyrene. o-methylstyrene, m-methylstyrene. chlorinated styrene. bromi- 
nated styrene. a-methyistyrene. chlorinated a-methylstyrene. brominated a-methylstyrene, chloromethytstyrene, 
hydroxymethylstyrene, carboxymethylstyrene. vinylnaphthalene, vinylanthracene, vinylcarbazole. those in which the 
acrylates in the molecule of any of the above compounds are partially or wholly substituted by methacrylates. y-meth- 
acryloxypropyltrimethoxysilane. 1 -vinyl-2-pyrrolidone. etc. In the present invention, one or more of them can be used. 

In addition to the above, an unsaturated acid such as an unsaturated cartjoxylic add can be added to improve the 
developability after exposure. The unsaturated carboxytic acids which can be used here include, for example, acrylic 
acid, methacrylic acid, itaconic acid, crotonic acid, maleic acid, fumaric add. vinylacetic add and their acid anhydrides, 
etc. 

It is preferable that t\e content o1 any of these monomers is 5 to 30 wt% based on the sum of the glass powder and 
the photosensitive conponent. K the content is not in this range, the pattern formability is lowered and undesirably the 
hardness after hardening becomes insufficient. 

The binders which can be used here indude polyvinyl alcohol, polyvinyl butyrai. methacrylate polymers, acrylate 
polymers, aaylate - methacrylate copolymers, a-methylstyrene polymer, butyl methacrylate resin, etc. 

Furthermore, the oligomers and polymers obtained by polymerizing at least one of the above mentioned com- 
pounds with a carbon-carbon double bond can be used. For polymerization, another photosensitive monomer can be 
copolymerized in such a manner tiiat the content of any of these photoreactive monomers is 10 wt% or more, especially 
35 wt% or more. 

As the monomer to be copolymerized. an unsaturated add such as an unsaturated carboxylic acid can be copoly- 
merized to enhance the developability after exposure. The unsaturated carboxylic acids which can be used here 
indude. for example, acrylic acid, methacrylic add. itaconic add. crotonic acid, maleic acid, fumaric acid, vinylacetic 
acid, and their acid anhydrides. 

It is preferable that the acid value (AV) of the polymer or oligomer with addic groups such as cart)oxyl groups at tiie 
side chains thus obtained is 50 to 1 80. A more preferable range is 70 to 140. If the add value is less than 50. the sdu- 
bility of the non-exposed portions in the developer decreases, and if the concentration of the developer is raised, the 
exposed portions, too, are peeled, making it difficult to obtain a high-resolution pattern. If the add value is more than 
1 80. the development allowance becomes narrow. 

When a monomer such as an unsaturated acid is used for enhancing the developability. it is preferattle to keep ttie 
acid value of the polymer at 50 or less, since the gelation caused by the reaction between the glass powder and the 
polymer can be corrtrolled. 

If photoreactive groips are added to the side chains or molecular ends of any of the polymers and oligomers enu- 
merated above, the polymer or oligomer can be used as a photosensitive polymer or photosensitive oligomer. Prefera- 
ble photoreactive groups are etiiylenic unsaturated groups which indude vinyl groups, ailyl groups, acrylic groups, 
methacrylic groups, etc. 
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Such side chains can be added to the otigomer or polymer, for example, by letting an ethylenic unsaturated com- 
pound with an glycidyl group or isocyanato group, acrylic add chloride, methacryllc acid chloride or ally! chloride addi- 
tion-react with the mercapto groups, amino groups, hydroxyl groups or cartioxyt groups in the polymer. 

The ethylenic unsaturated compound with a glycidyl group can be selected from glycidyl acrylate, glycidyl methacr- 
ytate. allyl glycidyl ether, glycidyl ethylacrylate. crotonyl glycidyl ether, glycidyl crotonate ether, glycidyl isocrotonate 
ether, etc. 

The ethylenic unsaturated compound with an isocyanato group can be selected from {meth)acryloyl Isocyanate, 
(meth)acryloyl ethyl isocyanate. etc. 

It is preferatste that the ethylenic unsaturated compound with a glycidyl group or isocyanato group, acrylic acid chlo- 
ride, methaaylic acid chloride or allyl chloride is added in an amount of 0.05 to 1 mole equivalent for each equivalent 
of the mercapto groups, amino groups, hydroxyl groups or cart>oxyl groups in the polymer. 

It is preferable that the amount of the polymer component consisting of the photosensitive polymer or photosensi- 
tive oligomer and the binder in the photosensitive paste is 5 to 30 wt% based on the sum of the glass powder and the 
photosensitive component because the pattern formability and firing shrinkage are excellent. If the amount is not In this 
range, the pattern cannot be formed or the pattern becomes thick unpreferably. 

The photo polymerization initiators which can be used here include, for example, t>enzophenone, methyl o-benzoyl- 
benzoate. 4,4-bis(dimethylamino)benzophenone. 4.4*bis(diethylamino)benzophenone, 4,4-dichlorobenzophenone, 4- 
benzoyl-4-methykliphenyl ketone, dibenzyl ketone, fluorenone, 2.2-diethoxyacetophenone, 2,2-dimethoxy-2-phenyl-2- 
phenylacetophenone, 2-hydroxy-2-methylpropiophenone, p-t-butyldichioroacetophenone, thioxanthone, 2-melhyHhiox- 
anthone. 2-chlorothioxamhone, 2-isopropylthioxanthone, diethylthioxanthone. benzil, benzyl dimethyl ketaJ. benzyl 
methoxyethyl acetal, benzoin, benzoin methyl ether, benzoin butyl ether, anthraquinone. 2-t-butylanthraquinone, 2- 
amylanthraquinone, ^-chloroanthraquinone, anthrone, benzanthrone, dibenzosuberone, methyleneanthrone. 4-azido- 
benzalacetophenone, 2,6-bisCp-a2idobenzylidene)cyclohexanone. 2,6-bis(p-azidobenzylidene)-4-methylcyclohex- 
anone, 2-phenyl-1,2-butadione-2-{o-methoxycatbonyl)oxime. 1-pheny!-propanedione-2-{o-ethaxycarbonyl)oxime, 1,3- 
diphenyl-propanetr[one-2-(o-ethoxycart)onyl)oxime, 1 -phenyl-3-ethoxy-propanetrione-2-(o-benzoyl)axime, Michler's 
ketone, 2-methyl-[4-(methylthio)phenyl]-2-morpholino-1-propanone, naphthalenesuHbnyl chloride, quinolinesulfbnyl 
chloride, N-phenyrthioacridone, 4,4-azobisisobutyronitrtle, diphenyl disulfide, benzthiazole disulfide, triphenylphos- 
phine. camphorquinone. carbon tetrabromide. tribromophenylsulfone, benzoin peroxide, and combinations of a pho- 
toreducing dye such as Eosine or Methylene Blue and a reducing agent such as ascort^ic acid or triethanolamine. In the 
present invention, one or more of them can be used. 

The photo polymerization initiator is added in an amount of 0.05 to 20 wt% based on the weight of the photosensi- 
tive component. A more preferable range is 0.1 to 15 wt%. tf the amount of the photo polymerization initiator is too 
smalt, photosensitivity becomes poor, and if the anxiunt of the photo polymerization initiator is too large, the remaining 
ratio of exposed portions may be too small. 

It is also effective to add an ultraviolet ray absorber. If a compound high in the effect of absorbing ultraviolet ray is 
added, a high aspect ratio, high accuracy and high resolution can be obtained. It is preferable that the ultraviolet ray 
absorber used is an organic dye. especially an organic dye with a high ultraviolet ray absorption coefficient in a wave- 
length range of 350 to 450 nm. The organic dyes which can be used here include azo dyes, aminoketone dyes, xan- 
thene dyes, quinoline dyes, anthraquinone dyes, benzophenone dyes, diphenylcyanoacrylate dyes, triazine dyes and 
p-aminobenzoic acid dyes. Even H an organic dye is added as a light absorber, it is preferable because the dye does 
not remain in the insulation film after firing, to decrease the degradation of insulation film properties by the remaing light 
absorber. Among the organic dyes, azo dyes and benzophenone dyes are preferable. 

It is preferable that the amount of the organic dye added is 0.05 to 1 wt% based on the weight of the glass powder. 
If less than 0.05 wt%, the effect of adding the ultraviolet ray absorber is low. If more than 1 wt%. the photosensitivity 
becomes poor and then undesirably the insulation film properties after firing decline. A more preferable range is 0.05 to 
0.15 wt%. 

The ultraviolet ray absorber which is an organic dye can be added, for example, as described below. A solution with 
an organic dye dissolved in an organic solvent is prepared beforehand, arxl is Kneaded when the paste is produced. As 
another method, a glass powder is mixed with the organic dye solution, and the mixture is dried. According to these 
methods, a powder in which the individual grains of the glass powder are coated on the surfaces witii an organic dye 
film, so-called capsules, can be produced. 

In tfie present invention, metal such as Pb. Fe. Cd, Mn, Co or Mg. etc.. or any of their oxides present in the inorganic 
powder may react with the photosensitive component present in the paste, so as to gel tiie paste in a short time, not 
allowing coating. To prevent the reaction, it is preferable to add a stabilizer for preventing the gelation. It is preferable to 
use a triazole compound as the stabilizer. As the triazole compound, a benzotriazole derivative can be preferably used. 
As the benzolricizole derivative, especially benzotriazole acts effectivety. An example of the surface treatmerrt of the 
glass powder by the benzotriazole used in the present invention is described below. Benzotriazole is dissolved into an 
organic solvent such as methyl acetate, ethyl acetate, ethyl alcohol or methyl alcohol in a predetermined amount based 
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on the amount of the inorganic pcwder, and the inorganic powder is immersed in the solution for 1 to 24 hours. After 
completion of immersion, the inorganic powder is naturally dried preferably at 20 to 30*C. to evaporate the solvent, for 
obtaining the triazole treated powder. It is preferable that the ratio of the stabilizer used (stabilizer/inorganic powder] is 
O.OStoS wt%. 

5 The sensitizer is added to improve sensitivity. The sensitizers which can be used here include 2.4-diethylthioxan- 
thone. isopropytthicDcafTthone. 2,3-bis(4^iethy(aminobenzaJ)cyclopentanone. 2.6-bis(4-dimethylaminobenzaJ)cyclohex- 
anone, 2.6-bis(4-dimethylaminobenzal)-4-methylcydohexanone. MIchler's ketone, 4.4-bis(diethylamino)- 
benzophenone, 4,4-bis(dimethytamino)chalcone. 4,4-bts(diethytaniino)chalcone. p-dimethytaminocinnamylide- 
neindanone. p-dimethylaminobenzylideneindanone, 2-(p-dimethylaminophenytvinylene)lsonapthothia2ole, 1 ,3-bis(4- 

10 dimethy1amlnobenzal)acetone, 1 .3-carbony1-bis(4-diethylaminobenzal)acetone. 3.3-carbonyl-bis{7-diethylaminocou- 
marin). N-phenyi-N-ethylethanolamine. N-phenylethanolamine, N-toly1diethano(amine. N-phenylethanolamine, isoamyl 
dimethytaminobenzoate isoamyl diethylaminobenzoate, 3-phenyl-5-benzoylthio-tetrazole, 1 -phenyl-5-6thOKycartx>- 
nylthio-letrazote, etc. In the present invention, one or more of them can be used. Some of the sensitizers can also be 
used as photo polymerization initiators. When a sensitizer is added to the photosensitive paste of the present invention, 

15 the amount is usually 0.05 to 1 0 wt% based on the weight of the photosensitive component. A more preferable range 
is 0.1 to 10 wt%. If the amount of the sensitizer is too small,' the effect of Irrprovlng photosensitivity cannot be mani- 
fested, and if too large, the remaining rate of exposed portions may be too small. 

Furtiiermore. as the sensitizer, a sensitizer which can absorb light with a wavelength equivalent to that of the light 
used tor exposure can be used. In this case, near the absorbed wavelength, the refractive index becomes extremely 

20 high. Hence, if the sensitizer is added by a large amount, the refractivs index of the organic ccmpcnerrt cslp. be 
Improved. The amount of the sensitizer which can be added In this case is 3 to 10 wt%. 

The polymerization inhibitor is added to improve the thermostability during storage. The polymerization inhibitors 
which can be used here Include hydroquinone, monoesterlfied products of hydroquinone, N-nitrosodiphenylamine, phe- 
nothiazine, p-t-butylcatechol. N-phenylnaphthyJamine. 2.6-di-t-butyJ-p-methylpheno), chloranil, pyrogallol. etc. When a 

25 polymerization inhibitor is added, the anK}unt is usually 0.001 to 1 wt% in the photosensitive paste. 

The plastidzers which can be used here include dibutyt phtiialate, dioctyl phthalate, polyethylene glycol, glycerol, 

etc. 

The antioxidant is added to prevent the oxidation of the acrylic copolymer during storage. The antioxidants which 
can be used here include 2,6-di-t-butyl-p-aesoI, butylated hydroxyanisole, 2,6-di-t-4-ethy(phenoI, 2,2-methylene-bis-{4- 

30 methyl-6-t-buty1phenol), 2,2-metiiylene-bis(4-ethyt-6-t-butytphenol). 4.4-bis-(3-methyl-6-t-t)utylphenol). i.1.3-trls-(2- 
methyl-6-t-butylphenoO, 1 . 1 .3-tr(s-(2-methyl-4-hydroxy-t-butyfphenyt)btrtane, bisf3,3-bis-{4-hydfa)fy-3-t-bLrtylphe- 
nyl)butyric acid]glycol ester, dilaurylthio dipropionate. triphenyl phosphite, etc. When an antioxidant Is added, the 
amount is usually 0.001 to 1 v/t% in the paste. 

The photosensitive paste of the present invention may contain an organic solvent when it is desired to adjust tiie 

35 viscosity of the solution. The organic solvents which can be used here Include methyl cellosolve, ethyl cellosolve, butyl 
celtosolve, methyl ethyl ketone, dioxane, acetone, cyclohexanone, cydopentanone. isobutyl alcohol, isopropyl alcohol, 
tetrahydrofuran, dimethyl sulfoxide, 7-butyrolactone, bromobenzene, chlorobenzene, dibromobenzene. dichloroben- 
zene. bromobenzoic acid, chlorobenzoic acid and organic solvent mixtures containing any one or more of them. 

The refractive index of the organic component refers to the refractive index of the organic component in the paste 

40 at the moment when the photosensitive component is sensitized by exposure. That is. it the exposure is effected after 
drying the applied paste, the refractive Index refers to the refractive index of the organic component in the paste after 
drying. For example, after the paste applied onto a glass substrate is dried at 50 to lOO^C for 1 to 30 minutes, the refrac- 
tive index is measured. 

For measuring the refractive index in the present invention, it is preferable to use the ellipsometric method or V 
45 block method generally used, and it is accurate for confirmation of the effect that the light with a wavelengtii equivalent 
to that of the light used for exposure Is used for the measurement, tt is especially preferable to measure using the light 
with a wavelength in a range of 350 to 650 nm. tt is more preferable to measure the refractive index at the i-line (365 
nm) or g-line (436 nm). 

The refractive irxJex after ti^e organic component has been polymerized by irradiation with light can be measured 
50 by irradiating the organic component only witii the light similar to the light used for photo irradiating tiie paste. 

The photosensitive paste is usually produced by mixing the respective ingredients such as the inorganic powder, 
ultraviolet ray absorber, photosensitive polymer, photosensitive rrxinomer, photo polymerization initiator and solvent at 
a predetermined ratio, and dispersing the mixture homogeneously by a three-roller mill or kneading machine. 

The viscosity of the paste can be suitably adjusted by the ratio of tiie inorganic powder, thickener, plasticizer. pre- 
ss cipitation preventive agent etc. added, and is in a range of 2.000 to 200,000 cps (centipoises). For exarrple, when a 
glass substrate is coated by spin coating, the preferable viscosity is 200 to 5,000 cps. To obtain a 10 to 20 ^m thick film 
by a single screen printing operation, it is preferable that the viscosity is 50,000 to 200.000 cps. 

An example of forming a pattern using a photosensitive paste is described beJcw. but the present inventicsi is not 
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limited thereto or thereby. 

A glass substrate or ceramic substrate or a polymer film is fully or partially coated with a photosensitive paste. The 
coating can be effected by screen printing or using a bar coater. roller coater, die coater or blade coater. etc. The thick- 
ness of the coating can be adjusted by selecting the coating times, the mesh size of the screen and the viscosity of the 
5 paste. 

When a substrate is coated wrth a paste, the sidjstrate can be treated on the surface to improve the adhesiveness 
between the substrate and the coating film. The surface treatment liquid can be a silane coupling agent such as vinyl- 
trichlorosilane. vinyltrimethoxysilane. vinyltrlethoxysjiane. tris-(2-methoxyetha)cy)vinylsilane, y-glycidoxypropyftrimeth- 
oxysilane^ y-(rnethacryla!cypropyl)trimethoxysilane, 'K2-aminQethyl)aminopropyttrimethoxysilane» y- 

10 chloropropyltrimethoxysitane, y-mercaptopropyttrimethoxysilane or r-aminopropyltriethoxysilane. or an organic metal 
such as organic titanium, organic aluminum or organic zirconium. The silane coupKng agent or organic metal is diluted 
to a concentration of 0,1 to 5% by an organic solvent such as ethylene glycol monomethy) ether, ethylene glycol monoe- 
thyl ether, methyl alcohol, ethyl alcohol, propyl alcohol or butyl alcohol, etc. Then, the surface treatment liquid is uni- 
formly applied onto the substrate by a spinner, etc. , and dried at 80 to 1 40'C for 1 0 to 60 minutes, for surface treatment. 

15 Furthermore, when a film is coated, the coating is dried on the film, to be followed by exposure, or the film is stuck 
onto a glass or ceramic substrate, to be followed by exposure. - 

After completion of coating, an exposure apparatus is used for exposure. The exposure is generally effected using 
a photo mask, as practiced in ondinary photolithography. TTie mask used can be either of negative type or positive type, 
depending on the photosensitive organic component used. 

20 Instead of using a photo masK direct drafting by a red or blue laser beam, etc. can also be adopted. 

The exposure apparatus can be a stepper exposure machine or proximity exposure machine, etc. For exposure of 
a large area, a substrate such as a glass substrate coaled with a photosensitive paste can be exposed while being 
moved, to allow exposure of a large area by an exposure machine with a small exposure area. 

The active light source used in this case can be, for example, visible ray, near ultraviolet ray. ultraviolet ray, electron 

25 radiation. X radiation, laser beam, etc, and among them, ultraviolet ray is preferable. The light source can be, for exam- 
ple, a low pressure mercury lamp, high pressure mercury lamp, extra-high pressure mercury lamp, halogen lamp or 
microbicidal lamp, etc. Among them, an extra-high pressure mercury lamp is suitable. Though the exposure conditions 
depend on the coating thickness, exposure is effected using an extra-high pressure mercury lamp with an output of 1 
to 100 mW/cm^ for 20 seconds to 30 minutes. 

30 If an oxygen t>an-)er film is formed on the surface of the applied photosensitive paste, the pattern form can be 
improved. The oxygen ban*ier film can be, for example, a film of polyvinyl alcohol (PVA) or cellulose, etc. or a film of a 
polyester, etc. 

The PVA film can be formed by coating a substrate with 0.5 to 5 wt% aqeous solution of PVA uniformly by a spinner, 
etc., and drying at 70 to 90°C for 10 to 60 minutes to evaporate water. Furthermore, it is preferable to add a small 

35 amount of an alcohol to the aqueous solution, because then the wettability to the insulation film can be enhanced to 
allow easy evaporation. A more preferable concentration of the PVA solution is 1 to 3 wt%. tf the PVA concentration is 
in this range, the sensitivity can be further enhanced. The reason why the oxygen bamer film improves the sensitivity 
is postulated to be as described below. It can be considered that when the photosensitive component photo-reacts, the 
oxygen existing in air disturbs the sensitivity of photo-polymerizing, but that if the oxygen bamer film is formed, extra 

40 oxygen can be intercepted, to improve the sensitivity at the time of exposure. 

A transparent film such as a polyester film, polypropylene film or polyethylene film can also be stuck onto the 
applied photosensitive paste. 

After completion of exposure, development is effected by using the difference between the solubility of the photo- 
sensitive portions and that of the non-photosensitive portions in the developer. In this case, immersion, showering, 

45 spraying or brushing can be used. The developer used can be an organic solvent which can dissolve the organic com- 
ponent in the photosensitive paste. Water can also be added to the organic solvent as far as its dissolving power is not 
lost. When a compound with an acidic group such as a carboxylic group exists in the photosensitive paste, an aqueous 
alkali solution can be used for development. The aqueous alkali solution can be an aqueous solution of a metallic alkali 
such as sodium hydroxide, sodium carfc>onate or an aqueous calcium hydroxide solution, but it is preferable to use an 

so aqueous solution of an organic alkali because since it is then easy to remove the alkali ingredient at the time of firing. 
The organic alkalis which can be used here include general amine compounds such as tetramethylammonium 
hydroxide, trimethylbenrylammonium hydroxide, monoethanolamine. diethanolamine, etc. The concerrtration of the 
aqueous alkali solution is usually 0.01 to 5 wt%. and a more preferable range is 0. 1 to 2 wt%. If the alkali concentration 
is too low. the soluble portions cannot be removed. If too large, the pattern area may be peeled and then undesirably 

55 the insoluble portions may be con-oded. It is preferable having regard to process control that the development temper- 
ature is 20 to 50*C. 

Subsequently, firing is effected in a firing furnace. The firing atmosphere and temperature depend on the paste and 
substrate used, but firing is effected in such an atmosphere of. for example, air, nitrogen or hydrogen, etc. The firing 
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furnace can be a batch type firing furnace or belt type continuous firing furnace. 

When a pattern is formed on a glass substrate, firing is effected by heating at a rate of 200 to 400*'C/hour and hold- 
ing at a tenrperature of 540 to 610*C forlO to 60 nnlnutes. The firing temperature chosen is dependent upon the glass 
powder used, but ft is preferable to fire at a suitable temperature at which tfre pattern is not deformed and at which the 
grain form of the glass powder does not remain. 

If the tenrperature is lower than the suitable tenperature, the porosity and the roughness at the tops of the barrier 
ribs become large, being likely to shorten the discharge life and undesirably to cause erroneous discharges. 

If the temperature is higher than the suitable temperature, the pattern is deformed, causing the tops of the bamer 
ribs to be round, or to be extremely low in height and undesirably not allowing the desired height to be obtained. 

During the above respective steps of coating, exposure, development and firing, a step of heating at 50 to SOO'^C 
can also be introduced for drying or preliminary reaction. 

When the ban-ier ribs of the present invention are formed, it is preferable to form a buffer layer between the sub- 
strate and the barrier ribs because then the adhesiveness of the banier ribs can be improved to prevent peeling, as 
conpared with the case of forming the barrier ribs directly on the glass substrate. 

The buffer layer is formed by coating a glass substrate with a paste consisting of a powder containing a glass as a 
main ingredient and an organic conponent. drying it to form & coating film to be a buffer layer, and firing it. 

TTie organic component used for the paste to be the buffet layer can be achieved by adding an organic binder, plas- 
ticizer. solvent, and as required, a dispersing agent, leveling agent, etc. The organic binders which can be used here 
include, for example, polyvinyl alcohol, cellulose based polymers, silicone polymers, polyethylene, polyvinyl pyrrolidone, 
poiystyrene, polyamides, high moiecu'a- polysthsrs, polyviny! butyra!. methacryfates, acrylates. acrylate - mefhacryfate 
copolymers, a-methylstyrene polymer, butyl methacrylate resin, etc. 

To adjust the viscosity of the paste to be the buffer layer. It is preferable to use a solvent for the binder. The solvent 
can be methyl cellosotve, ethyl cellosolve, butyl cellosotve, methyl ethyl ketone, dioxane, acetone, cydohexanone, 
cyclopentanone, isobutyl alcohol, Isopropyl alcohol, tetrahydrofuran. dimethyl sulfoxide, r-butyrolactone. bromoben- 
zene. chlorobenzne, dibromobenzene. dlchlorobenzene. Ixonnobenzoic add or chlorobenzoic acid, etc., or an organic 
solvent mixture containing one or more of them. 

The paste can also contain a plasticizer. The plastidzers which can be used here Include, for exanpte, dibutyl 
phthalate, dioctyl phthatate. polyethylene glycol and glycerol. 

It is preferable that the amount of the glass powder used for the paste to be the buffer layer is 50 to 85 wt% based 
on the sum of the glass powder and the organic component. If the anxiunt is less than 50 wt%, the reflectance 
decreases, not allowing the luminance to be obtained because the denseness of the buffer layer and the flatness of the 
surface are insufficient. If more than 85 wt%. the kiuffer layer is likely to be cracked due to firing shrinkage. 

It is preferable that the thickness of the buffer layer is 3 to 20 ^m. having regard to the uniformity of the buffer layer. 
A more preferable range is 6 to 1 5 ^im. If the thickness is more than 20 \im. it is difficult to remove the solvent at the time 
of firing, and aaddng is likely to occur. Furthermore, since the glass substrate is greatly stressed, the substrate is dis- 
advantageously warped. If less than 3 )im, it is difficult to maintain a uniform ttiickness. 

The buffer layer usually acts as a dielectric layer after firing. The dielectric layer is limited in the optimum thickness 
range in relation to the light emission characteristics. Therefore, as required, it is also effective to form a dieiectric layer 
beforehand below the buffer layer, so that a proper thickness can be secured. 

It is also effective to add an ultraviolet ray absorber described for the formation of the barrier ribs, particularly an 
organic dye with a high coeffident of ultraviolet ray atisorption in a wavelength range of 350 to 450 nm, to the paste to 
be the buffer layer. When the barrier ribs are formed by a photosensitive paste, the light reflection of the ground greatly 
affects the pattern formability. Hence, it is preferable to add an ultraviolet ray absorber, because then the form of the 
barrier ribs of the present invention can be obtained, being little affected by the light reflection from the buffer layer. 

It is preferable that the amount of the organic dye added is 0.05 to 1 wt% based on the weight of the glass powder. 
If less than 0.05 wt%, a film is likely to rennain at the bottonr^ of the barrier rib pattern, and if more than 1 wt%, then 
undesirably, peeling is caused at the time of firing because the exposure value required for photo-polymerizing the 
buffer layer is too large. 

It is preferable that the buffer layer is nr^ade of a glass, the coefficient of thermal expansion of which in a range of 
50 to 400'*C (050.400) 70 to 85 X 10'^/K, because it then matches with the coeffident of thermal expansion of the sub- 
strate glass, thus decreasing the stress acting on the glass substrate at the time of firing. A more preferable range is 72 
to 83 X 1 0'^/K. If it exceeds 85 x 1 0'^/K, the substrate is stressed so as to be warped on the side to have the buffer layer 
formed, and If less than 70 x 1 0"^/K. the substrate is stressed so as to be warped on the side free from the buffer layer. 
Hence, if the substrate is heated and cooled repetitively, it may be cracked. Furthernx)re, at the time of sealing with the 
front substrate, then due to the warping of the glass sut>strate, both the substrates may not be in parallel and may be 
incapable of being seated together. 

It is preferat>le that the glass contained in the buffer layer has a glass transition point Tg of 430 to SOO^C, and a sof- 
tening point Ts of 470 to 580'*C. If a material with a glass transrtion point of higher than SOO^C or a softening point of 
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higher than SSO^'C is used for forming the buffer layer, firing at a high temperature is required, and the glass substrate 
is strained at the time of firing. In the case of a material with a glass transition point of lower than 430*C or a softening 
point of lower than 470*C. when the phosphors are applied and fired in later steps, the buffer layer is strained, undesir- 
ably not allowing the desired film thickness accuracy to be achieved. 

5 If a glass containing 10 to 85 wt% of at (east one of bismuth oxide, lead oxide and zinc oxide is used, it is easy to 

control the softening point and the coefficient of thermal expansion. 

If the amourrt of the bismuth oxide, lead oxide and zinc oxide exceeds 85 w1%, the heat resistant temperature of 
the glass is so low as to make it difficult to fire on the glass substrate. 

Especially when a glass containing 10 to 85 wt% of bisniith oxide is used as the glass, the pot life of the paste is 

10 advantageously long. 

As a glass composition containing bismuth oxide, it is preferable to let it contain 50 wt% or more of a composition 
consisting of the following expressed as oxkjes; 

10 to 70 parts by weight of bismuth oxide 
T5 3 to 50 parts by weight of silicon oxide 
5 to 40 parts by weight of boron oxide 

2 to 30 parts by weight of zinc oxide 

3 to 10 parts by weight of zirconium oxide 

20 For the buffer layer, it is preferable to use a powder with a grain size distribution of 0.4 to 2 in 01 0 (grain size of 
10 vol%), 1 to 3 urn in 050 (gfain size of 50 voi%), 3 to 8 urn in 090 (grain size of 90 vot%) and 10 or less in the 
largest grain size. A more preferable grain size distribution is 3 to 5 pm in 090 and 5 ^ or less in the largest grain size. 
If the grain size distribution is in the above ranges, the surface of the buffer layer becomes flat and a dense glass layer 
is formed after firing, allowing peeling, breaking and meandering of the barrier ribs to be prevented. 

25 K the barrier rib pattern and the buffer layer are fired simuttaneously after the barrier rib pattern has been formed 
on the coating film to be the buffer layer, the binders are removed simuttaneously from the buffer layer and the barrier 
ribs. Hence, the shrinkage stress by the removal of the binder from the barrier ribs can be eased, to prevent peeling and 
breaking. On the contrary, If the ban-ier rib pattern is formed on the already fired buffer layer and is fired, peeling and 
breaking are likely to occur at the time of firing due to insufficient adhesion between the banrier ribs and the tMjffer layer. 

30 If the bamer ribs and the buffer layer are simultaneously fired, the number of steps can be advantageously small. 

In the case of simultaneous firing, it is preferable that the coating film to be the buffer layer is formed and subse- 
quently cured, because then the coating film to be the buffer layer is not eroded in the step of forming the barrier rib 
pattern. As a suitable simple method for hardening the coating film to be the buffer layer, the paste to be the buffer layer 
is made photosensitive, applied onto the glass sutTstrate, dried, exposed and photoixilymerized. 

35 The paste to be the t>uffer layer contains at least one photosensittve component selected from photosensitive mon- 
omers, photosensitive oligomers and photosensitive polymers, and furthermore as required, contains additives such as 
a photo p>olymerizatton initiator, ultraviolet ray ^bsoiber, sensitizer, sensitizing auxiliary and polymerization inhibitor, so 
as to be photosensitive. 

The exposure conditions depend on the kind arxl anxnjnt of the photosensitive component and coating thickness, 
40 but exposure is effected using an extra-high pressure mercury lamp with an output of 1 to 1 00 mW/cm^ for 20 seconds 
to 30 minutes. In this case, if the photo-polymerizing is insufficient, peeling occurs due to uneven hardening at the time 
of firing. Furthermore, depending on the polymer used, it is eroded by the developer at the time of development to form 
the barrier rib pattern, and peeling may occur. Therefore; it is important to give a sufficient exposure value for photo- 
polymerizing. 

45 The coating film to be the buffer layer can also be cured by thermal polymerization. In this case, for example, a rad- 
ical polymerizable monomer or radical polymerization initiator is added to the paste to be the buffer layer, and the paste 
is applied and heated. The radical polymerization monomers which can be used here include, for example, ethylene, 
styrene. butadiene, vinyl chloride, acrylic acid, methyl acrylate, methyl vinyl ketone, acrylamide. acrylonitrile. etc. The 
radical initiators which can be used here include benzoyl peroxide, iauroyl peroxide, potassium perbutfate, azobisisobu- 

so tyronrtrile, benzoyl peroxide • dimethytaniline, etc. 

The coatir^ film to be the buffer layer is not necessarily required to be cured, but as conpared with the case of 
hardening It. the coating film is likely to be eroded by the developer in the step of forming the barrier rib pattem, and the 
buffer layer is lik^y to be cracked. Therefore, as the developer, a non-soliible polymer must be selected. 

The present invention Is described below specifcally with reference to examples, but is not limited thereto or 

55 thereby. In the examples of the present invention and comparative exanples. each concentration (%) is vrt% unless oth- 
envise stated. 

The materials used in Uie examples of the present invention are stated below. 
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(Glass powder for barrier ribs) 
Glass (1) 

5 Corrposttion: U2O 9%. SiOz 20%. B2O3 31%. BaO 4%. AigOa 24%. ZnO 2%. MgO 6%. CaO 4% 

Thermal properties: Glass transition point 474*'C. softening poirrt 51 S'C. Coefficient of themnal expansion 83 x 1 0* 

Grain size: D10 0.9 

D50 2.5 Jim 

10 D90 6.5 ^m 

Largest grain size 18.5 
Specific surface area: 2.56 m^/g 
Refractive index: 1 .59 (g-line 436 nm) 

Specific gravity: 2.55 

15 

Glass (2): 

Composition, tfiermal properties, refractive index and specific gravity are the same as those of glass (1). 

20 Grain size: DIG 0.7 

D50 1 .6 nm 
D90 2.4 ^m 

Largest grain size 5.2 ^m 
Specific surface area: 5.8 m^/g 

Glass (3): 



25 



Composition: UO2 7%. SiOg 22%. B2O3 32%, BaO 4%. AI2O3 22%. ZnO 2%. MgO 6%. CaO 4% 

Thermal properties: Glass transition point 49 rC. softening point 528'C. Coefficient of thennal expansion 74 x 1 0' 
30 ^/K 

Grain size: D10 0.9nm 

D50 2.6 iim 

D90 7.5 Jim 

Largest grain size 22.0 urn 
35 Specific surface area: 1 .92 m^/g 

Refractive index: 1 .59 {g-line 436 nm) 

Specific gravity: 2,54 



40 



SO 



Glass (4): 

Composition and thermal properties are the same as those of glass (3). 



Grain size: DlOO.Sjim 
D50 1 .5 Jim 

45 D90 2.5 \im 

Largest grain size 4.6 jim 
Specific surface area : 5.9 m^/g 
Refractive index: 1 .59 (g-!ine 436 nm) 

Specific gravity: 2.54 



Glass (5): 



Composition: 

Thermal properties: 
55 ^/K 

Grain size: D10 0.9jim 

D50 2.7 nm 
D90 6.0 ^m 



LiaO 4%. K2O 5%, SiOa 15%. B2O3 33%. BaO 4%. AI2O3 20%. ZnO 13%. Mg0 1%. CaO 5% 
Glass transition point 470*C. softening point 51 1 °C. Coefficient of themial expansion 76 x 1 0' 



15 



EP 0 855 731 A1 



Specific surface area: 
Refractive index: 
Specific gravity: 

Glass (6): 

Corrposrtion: 
Thermal properties: 

Gram size: 



Specific surface area: 
Refractive index: 
Specific gravity: 



largest grain sj2e 13.1 fxm 
2.29 m^/g 

1.58(g-line 436 nm) 
2.67 



BigOa 27%. SiOg 14%, B2O3 18%. NaaO 2%. BaO 14%, AI2O3 4%. ZnO 21% 

Glass transition point 463''C. softening point 523^0, Coefficient of thermal expansion 79 x 1 0' 

7/K 

010 1.4tim 

D50 3.4 

090 7.4 ^im 

Largest grain size 22.0 

3.26 m^/g 

1.73 (g-Hne 436 nm) 
4.13 



(Glass powder for buffer layer) 
Glass (7); 



Composition: 
Thermal properties: 
Grain size: 



Specific gravity: 

Glass (8): 

Composition: 
Thermal properties: 
Grain size: 



Specific gravity: 



BigOa 38%, Si027%, B2O3 19%, BaO 12%, AI2O3 4%, ZnO 20% 

Glass transition point 475''C, softening point 51 5*C, Coefficient of thermal expansion 75 x 1 0'^/K 
D10 0.9 pm 
D50 2.5 iitr\ 
090 3.9 pm 

Largest grain size 6.5 nm 
4.61 



BigOa 67%. Si02 10%, BjOg 12%. AI2O3 3%. ZnO 3%. ZrOg 5% 

Glass transition point 455'C. softening point 484*C, Coefficient of thermal expansion 77 x 10"^/K 
010 0.4 pm 
050 2.0 pm 
090 5.2 ]xm 

Largest grain size 9.5 pm 
5.35 



(Filler) 



Filler (1): High melting point glass powder 



Composition: 
Thermal properties: 

Grain size: 



Specific surface area: 
Refractive index: 
Specific gravity: 



Si02 38%. B2O3 10%. BaO 5%. CaO 4%. AI2O3 36%. ZnO 2%, MgO 5% 

Glass transition point 652° C, softening point 746° C, Coefficient of thermal expansion 43 

X 10-7/K 

010 1.0 pm 

D50 2.4 pm 

090 4.7 pm 

Largest grain size 10.0 pm 
4.17 m^/g 

1.59 (g4me436 nm) 
2.53 



Titania: Trade name TIPAQUE R550 produced by Ishihara Sangyo Kaisha, Ltd., powder with an average grain size 
of 0.24 pm 

Barium titanate: Product Code Na 219-9 produced by Mitsui Mining Co., Ltd., powder with an average grain size 
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of 1 .5 ^im 
(Polymer) 

Polymer (1 ): y-butyrolactone solution containing 40% of a photosensitive polymer with a weight average molecular 
weight of 43000 and an add value of 95, obtained by letting 0.4 equivaJent of glyckJy) methacrylate 
(GMA) addition-react with each equivalent of cartxwyl groups of a copolymer consisting of 40% of 
methacrylic acid (MAA). 30% of methyl methacrylate (MMA) and 30% of styrene (St) 

Polymer (2): Y-txjtyroIactone solution containing a photosensitive polymer with a weight average molecular weight 
of 18000 and an add value of 100 and identical with the polymer (1) in structure 

Polymer (3): y-butyrolactone solution containing 40% of a photosensitive polymer with a weight average molecular 
weight of 30000 and an add value of 50, obtained by letting 0.8 equivalent of gtyctdyl methacrylate 
(GMA) add^tio^^ react with each equivaJent of cartxjxyi groyps of a copolymer consisting of 40% of 
methacrylic acid (MAA), 30% of methyl methacrylate (MMA) and 30% of styrene (St) 

EC: Terpineo! solution containing 6% of ethyl cellulose with a substitution degree of 1 .5 and an average 

molecular weight of 50000 

(Monomer) 

Mofiorner (1): Xa-N'-Ch'g-Ph-CWa-N-Xa 

X: -CH2-CH(0H)-CH2O-CO-C(CH3)=CH2 
Monomer (2): X2-N-CH(CH3)-CH2-(0-CH2-CH(CH3))n-N-X2 

X: -CH2-CH(OH)-CH20-CO-C{CH3)*CH2 

n = 2 to 10 

Monomer (3): Trimethylolpropane triaaylate modified PO 
(Photo polymerization initiator) 

IC-369: lrgacure-369 (produced by Ciba Geigy) 

2-ben2yl -2-dimethylamino- 1 -(4-morpholinophenyl)butanone-1 
IC-907; lrgacure-907 (produced by Cilja Geigy) 

2-methy1-l-4-(methyltiiio)phenyl-2-morpholinopropanone 

(Sensitizer) 

DETX-S: 2.4-diethyIthioxanthone 

(Sensitizing auxiliary) 

EPA: Ethyl p-dimethylaminot)enzoate 

(Plasticizer) 

DBP: Dibutyl pWhalate (DBF) 
(Thickener) 

SiO: 1 5% Si02 2-(2-butQxyethoxy)ethyl acetate solution 
(Organic dye) 

Sudan: Azo organic dye, chemical formula C24H20N4O, molecular weight 380.45 
Example 1 

A photosensitive paste to form barrier n'bs. composed as shown in Tabfe 1 was produced. Seventy parts by weight 
of a glass powder (glass (1)) and 0.08 part try weight of an organic dye (Sudan) were weighed. Sudan was dissolved 
into acetone, and a dispersing agent was added. The mixture was homogeneously stirred by a homogenizer. Into the 
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solution, the glass powder was added, and the mixture was homogeneously dispersed and mixed, and dried at 100*^0 
using a rotary evaporator, to evaporate acetone. Thus, a powder In which the glass grains were uniformly coated on the 
surfaces with an organic dye film was produced. 

A polymer, monomer, photo polymerization initiator and sensitizer were mixed at a ratio shown in Table ^ , and dis- 
5 solved homogeneously. Then, the solution was filtered using a 400-mesh filter, to produce an organic vehicle. 

The organic vehicle and said glass p(M/der were added at a ratio shown in Table 1 , and the mixture was mixed and 
dispersed by a three-roller mill, to produce a photosensitive paste to form the barrier ribs. The refractive index of the 
organic component was 1 .59, and that of the glass powder was 1 .59. 

A photosensitive paste to form the buffer layer, composed as shown in Table 2 was produced by similar operation. 
w The paste to form the buffer layer was unrformty applied onto an A4 size PD-200 substrate produced by Asahi Glass 
and having electrodes and dielectric layer formed beforehand, by screen printing using a 325-mesh screen. Then, it 
was kept at 80**C for 40 minutes, to be dried. The thickness after drying was 15 ^m. 

tn succession, the coating film was exposed to ultraviolet ray by an extra-high pressure mercury lamp with an out- 
put of 50 mJ/cm^. The exposure value was 4 J/cm^. 
15 The coating film to be the buffer layer was uniformly coated with said photosensitive paste to form the barrier ribs 
by screen printing using a 325-mesh screen. To avoid the formation of pin holes, etc. in the coating film, coating and 
drying were repeated several times, to adjust the film thickness, intermediate drying was effected at SQ^C for 10 min- 
utes. Then, the coating film was kept at 80^ C for 1 hour, to be dried. The thickness after drying was 1 70 ^m. 

In succession, the coating film was irradiated with ultraviolet ray by an extra-high pressure mercury lamp with an 
20 output of 50 mJ/cm^ through a negative chromium mask of 140 p.m pitch. The exposure value was 0.7 J/cm^. 

Then, 0.2 wt% aqueous solution monoethanolamine kept at 35*>C was showered for 1 70 seconds for development, 
and the developed film was washed by water using a shower spray. As a result, the portions not photo-polymerized 
were removed, and a striped fc>arrier rib pattern was formed on the glass substrate. 

The glass substrate with the ban-ier rib pattern formed was fired at 560*C in air for 15 minutes, to form ban'ier ribs. 
25 tn the predetermined grooves t>etween the barrier ribs of the glass substrate with the barrier ribs formed, a phos- 
phor layer was formed by the photosensitive paste method. That is, three photosensitive fluorescent pastes of red, 
green and blue were produced, and for each paste, printing, drying, exposure through a photo mask £ind development 
were effected, to form a phosphor pattern at predetermined positions. This operation was effected for the respective 
colors, and the respective phosphor patterns were fired all at once at 500'C for 20 minutes, to form a phosphor layer. 
30 Thus, a rear plate for PDF could be obtained. 

The sectional forms of the formed barrier ribs were observed by a scanning electron microscope (S-2400 produced 
by Hitachi. Ltd.). In the case of forms shown in Figs. 2, 4, 6 and 7, the width at the top. the width at the center in height 
and the width at the bottom were measured, and when it was difficult to measure the width at the fop and the width at 
the bottom as in the case of forms shown in Figs. 3 and 8, L90 and Li 0 were measured respectively instead of the wkJth 
35 at the top and the width at the bottom. Furthermore when the bottom has a radius formed as shown in Fig. 4. the radius 
of curvature was also measured. Each value was the average value of three samples. The form of this exanple was as 
shown in Fig. 4. 

Furthermore, the deflection of the barrier rib in a lengtii of 1 mm along ^e barrier rib was measured. Also fhe aver- 
age value of three samples was adopted. From the at^ove SEM observation, the thickness of the buffer layer was meas- 
40 ured. The true density of the barrier rib material and the measured density of the barrier ribs were measured according 
to the Archimedes method, to calculate the porosity. 

As for the defects of the barrier ribs and the phosphor layer. (1) the falling and peeling of the barrier ribs before fir- 
ing, (2) the peeling and breaking of the barrier ribs after firing and (3) the coating uniformity of the phosphor layer were 
evaluated. A case free from any defect was expressed by o. The open wkJth ratio of each ban-ier rib was defined as 1 • 
45 (the width at the center in heightyjpitch). and calculated. 

The results are shown in Table 3. The barrier ribs were free from peeling, falling arxl breaking before and after firing, 
and the coating uniformity of the phosphors was also excellent. 

A front plate pro\^ided with electrodes, dielectric and protective layer beforehand and said rear plate were provided 
with a low melting point glass paste used as a sealant, and positioned to face each other in a predetermined an'ange- 
50 ment, and treated at 450''C for 30 minutes for sealing. Then, the display region was internally evacuated, and a mixed 
gas consisting of 99% of He and 1% of Xe was injected, to complete a plasma display panel. Its light emission charac- 
teristics were examined. A case free from any problem in luminance irregularity and high luminance was expressed by 
o. The results are shown in Table 3. The panel had excellent characteristics with littie luminance irregularity and high 
luminance. 

55 

Example 2 

An examination was performed as described in Example 1 . except that the composition of the paste to form the bar- 
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rier ribs was changed as shown in Table 1 and that the exposure value was 1 J/cm^. The results are shcfwn in Table 3. 
Example 3 

5 An examination was performed as described in Example 1 , except that the composition of the paste to form the bar- 
rier ribs was changed as shown in Table 1 and that the exposure value was 1 J/cm^. The results are shown in Table 3. 

Exarrple 4 

10 An examination was performed as described in Example 1 , except that the conposition of the paste to fonii the bar- 
rier ribs was changed as shown in Table 1 . that the coating thickness of the paste to form the barrier ribs was 1 50 jrni. 
that the exposure value was 0.3 J/cm^ and that the development time was 150 seconds. TTie results are shown in Table 

3. 

IS Example 5 

An examination was performed as described in Exarrple t, except that the composition of the paste to form the bar- 
rier ribs was changed as showm in Table 1 . that the coating thickness of the paste to form the banier ribs was 150 urn. 
that the exposure value was 0.6 J/cm^ and that the development time was 150 seconds. The results are shown in Table 

zo 3. 

Example 6 

An examination was performed as described in Example 1 , except that the composition of the paste to form the bar- 
2S rier ribs was changed as shown in Table 1 . that the coating thickness of the paste to form the buffer layer was 20 jim. 
that its exposure value was 5 J/cm^, that the coating thickness of the paste to form the barrier ribs was 150 jim, that its 
exposure value was 1 .5 J/cm^ and that the development time was 150 seconds. TTie results are shown in Table 3. 

Example 7 

30 

An examination was performed as described in Exanrple 1 . except that the conposition of the paste to form the bar- 
rier ribs was changed as shown in Table 1 . that the composition of the paste to form the buffer layer was changed as 
shown in Table 2, that the coating thickness of the paste to form the buffer layer was 20 jim. that its exposure value was 
5 J/cm^. that the coating thickness of the paste to form the barrier ribs was 150 jim. that its exposure value was 1.2 
35 J/cm2 and that the development time was 1 50 seconds. TTie results are shown in Table 3. 

Example 8 

An examination was performed as described in Example 1 . except that the composition of the paste to form the bar- 
40 rier ribs was changed as shown in Table 1 . that the composition of the paste to form the buffer layer was changed as 
shown in Table 2. that the coating thickness of the paste to form the buffer layer was 20 ^m. that its exposure value was 
5 J/cm2, that the coating thickness of the paste to form the barrier ribs was 1 90 ^m. that the development time was 200 
seconds and that the firing temperature was 580*C. The results are shown in Table 3. 

45 Example 9 

An examination was performed as described in Exanrple 1 . except that the composition of the paste to form the bar- 
rier ribs was changed as shown in Table 1 . that the conposition of the paste to form the buffer layer was changed as 
shown in Table 2. that the coating thickness of the paste to form the buffer layer was 20 jim. that its exposure value was 
50 4 J/cm2 and that the firing temperature of the barrier rib pattern was 580''C. The resuHs are shown in Table 3, 

Example 10 

An examination was performed as described in Example 1 . except that the corrposition of the paste to form the bar- 
55 rier ribs was changed as shown in Table 1 , that the conposition of the paste to form the buffer layer was changed as 
shown in Table 2 into a non-photosensitive paste, that its coating thickness wras 36 jim. that the coating thickness of the 
paste to form the bamer ribs was 230 ^im. that the pitch of the photo mask for the barrier ribs was 150 jim. that the 
development time was 230 seconds and that the firing temperature was 580*0, The results are shown in Table 3. 
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Example 1 1 

An examination was performed as described in Example 1 . except that the oomposttion of the paste to form the bar- 
rier ribs was changed as shown in Table 1 , that the coating thickness of the paste to form the buffer layer was 36 ^m, 
5 that its exposure value was 10 J/cm^. that the coating thickness of the paste to form the barrier ribs was 140 \ixr\, that 
the pitch of the photo mask for the barrier ribs was 150 jim, that the exposure was 1 .2 J/cm^. that the development time 
was 150 seconds and that the firing temperature was SSO'C. The results are shown in Table 3. 

Example 12 

10 

An examination was performed as described in Example 1 . except that the composition of the paste to form the bar- 
rier ribs was changed as shown in Table 1 , that the coating thickness of the paste to form the buffer layer was 36 jim, 
that its exposure value was 10 J/cm^. that the coating thickness of the paste to form the barrier ribs was 230 ]xm, that 
the pitch of photo mask for the barrier ribs was 150 ^m, that the exposure value was 0.5 J/cm^. that the development 
IS time was 230 seconds and that the firing temperature was 580**C. The results are shown in Table 3, 

Example 13 

An examination was performed as described in Example 1 , except that the composition of the paste to form the bar- 
20 rier ribs was changed as shown in Table 1 . that the pitch of the photo mask tor the barrier riljs was 1 00 urn, that the 
exposure wavelength was g-line (436 nm) only, that the exposure value was 0.8 J/cm^ and that the firing temperature 
was SSO^C. The results are shown in Table 3. 

Example 14 

25 

An examination was performed as described in Example 1, except that the conposition of the paste for the barrier 
ribs was changed as shown in Table 1 , that the coating thickness of the paste tor the barrier ribs was 200 ^m. that the 
pitch of the photo mask for the barrier ribs was 150 ^m, that the exposure value was 0.7 J/cm^. that the development 
time was 200 seconds and that the tiring temperature was 5&0*>C. The results are shown in Table 3. 

30 

Example 15 

An examination was performed as described in Example 1 , except that the composition of the paste to form the bar- 
rier ribs was changed as shown in Table 1 . that the coating thickness of the paste to form the barrier ribs was 230 nm, 
35 that the pitch of the photo mask for the barrier ribs was 230 pm, that the exposure value was 1 .2 J/cm^. that the devel- 
opment time was 230 seconds and that the firing temperature was 580^C. The results are shown in Table 3. 

Example 16 

40 An examination was performed as described in Example 1 , except that the composition of the paste to form the bar- 
rier ribs was changed as shown in Table 1 , that the coating thickness of the paste to form the barrier ribs was 210 pm, 
that the exposure value of the barrier rib pattern was 0.9 J/cm^, that the development time was 200 seconds and that 
the firing temperature was 580*C. The results are shown in Table 3. 

45 Example 17 

An examination was performed as described in Example 1 . except that the composition o1 the paste to form the bar- 
rier ribs was changed as shown in Table 1 , that the exposure value of the ban-ier rib pattern was 0.7 J/cm^ and that the 
firing temperature was 580*'C. The results are shown in Table 3. 

50 

Example 18 

An examination was performed as described in Example 1 , except that the composition of the paste to form the bar- 
rier ribs was changed as shown in Table 1 . that the coating thickness of the paste to form the barrier ribs was 200 jim. 
55 that its exposure value was 0.9 J/cm^, that the development time was 200 seconds and that the firing temperature was 
580°C. The results are shown in Table 3. 
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Example 19 

An examination was performed as described in Example 1 . except that the composition of the paste to form the bar- 
rier ribs was changed as shown in Table 1 , that the coating thickness of the paste to fomi the buffer layer was 20 ^m. 
that its exposure value was 5 J/crr^. that the coating thickness of the paste to form the barrier ribs was 1 30 jim, that the 
pitch of the photo mask for the barrier ribs was 150 jim. that the exposure value was 0.6 J/an^, that the development 
time was 100 seconds and that the firing temperature was 580'C, The results are shown in Tattle 3. 

Example 20 

An examination was performed as described in Example 1 . except that the composition of the paste to form the bar- 
rier ribs was changed as shown in Table 1 , that the coating thickness of the paste to form the buffer layer was 20 jim, 
that its exposure value was 5 J/cm^, that the pitch of the photo mask for the bamer ribs was ISO jim. that the exposure 
was 0.7 J/cm^ and that the firing temperature was 570**C. TTie results are shown in Table 3. 

Example 21 

An examination was performed as described in Example 1 . except that the composition of the paste to fomn the bar- 
rier ribs was changed as shown in Table 1. that the coating thickness of the paste to form the buffer layer was 20 ^m, 
that its exposure was 5 J/crrr , that nie coating thickness of the paste io form the barrier riw was 150 jim, that tho prtch 
of the photo mask for the barrier ribs was 150 jim. that the exposure value was 0.6 J/cm^, that the development time 
was 1 50 seconds and that the firing temperature was 570*C. The results are shown in Table 3. 

Example 22 

An examination was performed as described in Exarrple 1 , except that the composition of the paste to form the bar- 
rier ribs was changed as shown in Table 1, that the coating thickness of the paste to form the buffer layer was 20 nm. 
that its exposure value was 5 J/cm^. that the coating thickness of the paste to form the barrier ribs was 1 60 nm. that the 
pitch of the photo mask for the bamer ribs was 150 ^m. that the exposure was 0.7 J/cm^, that the development time 
was 160 seconds and that the firing temperature was 570''C. The results are shown in Table 3. 

Example 23 

An examination was performed as described in Example 1 . except that the composition of the paste to form the bar- 
rier ribs was changed as shown in Table 1 . that the coating thickness of the paste to form the buffer layer was 20 mti. 
that its exposure value was 5 J/crrf , that the coating thickness of the paste to form the banier ribs was 230 jim. that the 
pitch of the photo mask for the barrier ribs was 230 jim. that the exposure value was 1 .3 J/cm^. that the development 
time was 230 seconds and that the firing temperature was 580*C. The results are shown in Table 3. 

Example 24 

An examination was performed as described in Example 1 , except that the composition of the paste to form the bar- 
rier ribs was changed as shown in Table 1 . that the coating thickness of the paste to form the buffer layer was 36 pm. 
that its exposure value was 10 J/cm^. that the coating thickness of the paste to form the bamer ribs was 150 [ivn, that 
the pitch of the photo mask for the barrier ribs was 1 50 ^m. that the exposure value was 0.6 J/cm^. that the development 
time was 1 50 seconds and that the firing temperature was 560"C. The results are shewn in Table 3. 

Comparative Exanple 1 

An examination was performed as described in Example 1 . except that the composition of the paste to form the bar- 
rier ribs was changed as shown In Table 1 . that the coating thickness of the paste to form the buffer layer was 36 ^m. 
that rts exposure value was 10 J/cm^. that the coating thickness of the paste to form the barrier ribs was 150 jim. that 
the pitch of the photo mask for the bamer n'bs was 1 50 ^m. that the exposure value was 0.6 J/cnf, that the development 
time was 150 seconds and that the firing temperature was 560*C. 

TTie results are shown in Table 3. Since the grain size of the glass powder for the barrier ribs was too small, irradi- 
ation did not reach the bottoms of the barrier ribs, and the barrier ribs were more than 1 in Lt/Lh and less than 1 in Lb/Lh. 
and fell conskJeratity and peeled. 
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Comparative Example 2 

An examination was performed as described in Example 1 , except that the composition of the paste to form the bar- 
rier ribs was changed as shown In Table 1 , that the coating thickness of the paste to form the buffer layer was 10 ^m, 
5 that its exposure value was 3 J/cm^. that the coating thickness of the paste to form the barrier ribs was 190 |im, that the 
pitch of the photo mask for the barrier ribs was 150 |im, that the exposure value was 0.1 J/cm^, that the development 
time was 200 seconds and that the firing temperature was 580^0. 

The results are shown in Table 3. Ttie paste to form the bamer ribs corrposed like this could form only barrier ribs 
of more than 1 in L90/Lh and more than 2 in L1 0/Lh. The t^arrier ribs meandered greatly, and the luminance irregularity 
10 was large. 

Comparative Example 3 

An examination was performed as described in Example 1 , except that the composition of the paste to form the bar- 
15 rier ribs was changed as shown in l^ble 1 , that the coating thickness of the paste to form the buffer layer was 20 ^m. 
that its exposure value was 5 J/cm^. that the coating thickness of the paste to form the barrier ribs was 130 ^m, that the 
pitch of the photo mask for the barrier ribs was 150 ^m, that the..exposure value was 0.2 J/cm^, that the development 
time was 120 seconds and that the firing temperature was 580*C. 

The results are shown in Table 3. Since the amount of the organic dye added was small, the barrier ribs were more 
20 than 2 in Lb/Lh, and the luminance was tew. 

Comparative Example 4 

An examination was performed as described in Example 1 , except that the composition of the paste to form the bar- 
25 rier ribs was changed as shown in Table 1 . that the coating thickness of the paste to form the buffer layer was 20 iisn. 
that its exposure value was 5 J/cm^, that the coating thickness of the paste to form the barrier ribs was 150 (om, that the 
pitch of the photo mask for the barrier ribs was 150 txm and that the development time was 160 seconds. 

The results are shown in Table 3. Since the glass powder content in the paste to form the ban-ier ribs was large, the 
in-adiation did not reach the bottoms of the barrier ribs, and the barrier ribs were less than 0.65 in Lt/Lh and less than 1 
30 in Lb/Lb. arxJ fell. Furthermore, the luminance was low. 

Comparative Example 5 

An examination was performed as described in Example 1 , except that the composition of the paste to form the bar- 
as rier ribs was changed as shown in Table 1 . that the coating thickness of the paste to form the buffer layer was 20 |im, 
that its exposure value was 5 J/crr^, that the coating thickness of the paste to form the barrier ribs was 75 fim, that the 
pitch of the photo mask for the banier ribs was 1 50 ^m, that the exposure was 0.6 J/cm^ and that the development time 
was 50 seconds. 

The results are shown in Table 3. Since the glass powder content in the paste to form the barrier ribs was small, 
40 the barrier ribs were more than 2 in LIO/Lh, and the luminance was low. 

Comparative Example 6 

An examination was performed as described in Example 1 , except that the composition of the paste to form the bar- 
45 rier ribs was changed as shown in Table 1 , that the coating thickness of the paste to form the buffer layer was 30 inn, 
that its exposure value was 8 J/cm^. that the coaling thickness of the paste to form the barrier ribs was 90 pm, that the 
pitch of the photo mask for the barrier ribs was 1 50 jim, that the exposure was 0.6 J/cm^. that the development time 
was 70 seconds and that the firing temperature was 570*C. 

The results are shown in Table 3. The refractive index of the glass powder in the paste to form the barrier ribs was 
so 1 .73 and the refractive index of the organic conponent was 1 .59. Since the matching in refractive index was poor, the 
exposure did not work, and the barrier ribs were more than 1 in Lt/Lh, and meandered greatly. Luminance irregularity 
was also large. 

Comparative Example 7 

55 

An examination was performed as described in Example 1 , except that the composition of the paste to form the bar- 
rier ribs was changed as shown in Table 1 , that the coating thickness of the paste to form the barrier ribs was 100 ^m, 
that the exposure value was 0.6 J/cm^ and that the development time was 90 seconds. 
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The results are shown in Table 3. Since the grain size of the glass powder for the barrier rit>s was small, irradiation 
did not reach the bottoms of the barrier ribs, and the barrier ribs were less than 1 in Lb/Lh. and fell and peeled consid- 
erably. 

5 Comparative Example 8 

An examination was performed as described in Exanple 1 , except that the composition of the paste to form the bar- 
rier ribs was changed as shown in Table 1, that the coating thickness of the paste to form the barrier ribs was 100 pm. 
that the pitch of the photo mask for the bamer ribs was 1 50 \im, that the exposure value was 3 J/cm^. that the develop- 
10 ment time was 1 00 seconds and that the f irir^ temperature was 570"C. 

The results are shown in TaUe 3. Since the amount of the organic dye was large, the barrier ribs were less than 1 
in Lb/Lh and fell, and the luminance was low. 

Comparative Example 9 

T5 

An examination was perfomied as descnbed in Example i . except that the composition of the paste to form the bar- 
rier ribs was changed as shown in Table 1 . that no buffer layer was formed, that the coating thickness of the paste to 
form the barrier ribs was 1 50 \im. that the exposure value was 0.7 J/cm^ and that the firing temperature was 500**C. 

The results are shown in Table 3. Since no buffer layer was formed, peeling was considerable. Furthermore, since 
20 the firing temperature was iow, the barrier ribs were more than 2 in Lb/Lh. 

Comparative Example 10 

An examination was performed as described in Example 1 . except that the composition of the paste to form the bar- 
25 rier ribs was changed as shown in Table 1 . that the coating thickness of the paste to form the buffer layer was 10 pm. 
that its exposure value was 3 J/cm^, that the coating thickness of the paste to be the barrier ribs was 180 pm, that the 
pitch of the photo mask for the ban-ier ribs was 230 jim, that the development time was 190 seconds and that the firing 
temperature was 580 ^C. 

The results are shown in Table 3. Since the amounts of the photo polymerization initiator and the sensitizer added 
30 were small, exposure did not work, and the bamer ribs were less than 0.65 in Lt/Lh and less than 1 in UWLh and fell. 
The luminance in-egularity was large. 
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Industrial Applicability 

Having the barrier rib form of the present Invention, falling and peeling after formation of the barrier rib pattern and 
the breaking and peeling of the barrier ribs after firing can be prevented. As a result, high-resolution barrier ribs can be 
formed.. In addition, because the phosphor coatability is improved and the irregular coating and discontinuous coating 
of the phosphors are decreased, rt becomes possible to dewease the luminance irregularity and to enhance the lumi- 
nance and a high-luminance and high-resolution plasma display is provided. 

Claims 

1 . A plasma display having barrier ribs formed on a substrate, characterized in that the width at the top of each barri er 
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rib (Lt), the width at the center in height (Lh) and the width at the bottom (Lb) satisfy the following formulae: 

LVLh » 0.65 to ^ 

5 Lb/Lha1to2 
wherein the case of U = Lh ^ Lb is excluded. 

2. A plasma display having barrier ribs formed on a substrate, characterized in that the width at 90% in height of each 
10 barrier rib {L90), the width at the center in height (Lh) and the width at 10% in height (L10) satisfy the following for- 
mulae: 

L90/Lh = 0.65to1 
75 LlOyLholto2 
wherein the case of L90 = Lh = L10 is exclixled. 

3. A plasma display according to daim 1 or 2. characterized in that the bamer ribs are formed tike stripes, and the 
20 width (L) and deflection (Ld) of the barrier ribs satisfy the following formula: 

Ld/L« 1 to 1,5 

4. A plasma display according to claim 1 or 2, characterized in that the barrier ribs have a curved form in a region from 
25 the central portion of its height to the bottom. 

5. A plasma display according to claim 1 or 2, characterized in that the width of the barrier ribs is 15 to 50 ^m. 

6. A plasma display according to claim 1 or 2, characterized in that the pitch of the ban^ier ribs is 100 to 250 ^m. 

30 

7. A plasma display according to claim 1 or 2, characterized in that the pitch of the ban'ier ribs is 100 to 160 ^m. 

8. A plasma display according to claim 1 or 2, characterized in that the height of the barrier ribs is 60 to 1 70 ^m. 
35 9. A plasma display according to claim 8, characterized in that the height of tfie barrier ribs is 100 to 170 ^m. 

1 0. A plasma display according to claim 1 or 2, characterized in that the porosity of the barrier ribs is 10% or less. 

11 . A plasma display according to claim 1 0, characterized in that the porosity of the bamer ribs is 3% or less. 

40 

1 2. A plasma display according to claim 1 or 2, characterized in that the barrier ribs are made of a glass materia) having 
a glass transition point of 430 to 500°C, a softening point of 470 to 580^0 and a coefficient of thermal expansion 
(aso.40o) o* 50 to 90 X lO-'^/K. 

45 1 3. A plasma display according to daim 1 or 2, characterized in that the barrier ribs contain 3 to 60 wt% of a filler having 
a glass transition point (Tg) of 500 to 1200*C arxi a softening point (Ts) of 550 to 1200'C. 

1 4. A plasma display according to claim 1 or 2, characterized in that a buffer layer is formed on the substrate and the 
ban-ier ribs are formed .on the buffer layer. 

so 

1 5. A plasma display according to claim 14, characterized in that the thickness of the buffer layer is 3 to 20 tim. 

1 6. A plasma display according to daim 1 4, characterized in that the txjffer layer is made of a glass having a coefficient 
of thermal expansion (a5o-4oo) of 70 to 85 x 10*^/K. 

55 

1 7. A process for producing a plasma display described in claim 1 4, wherein a buffer layer is formed on a substrate and 
barrier ribs formed on the buffer layer, characterized in that forming a coating fOm to be the buffer layer made of a 
glass powder and an organic component on a substrate, forming a bamer rib pattern made of a glass powder and 
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an organic component on the coating film to be the buffer layer, and firing the coating film to be the buffer layer and 
the barrier rib pattern simultaneously. 

18. A process for producing a plasma display according to daim 17, characterized in that the coating film to be the 
buffer layer is made of a glass conponent and a photosensitive organic component 
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Fig, 1 




Deflection (Ld) 
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